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Abstract
Aim: Inotropes cause an increase in cardiac output because they increase cardiac contractility through different mechanisms of action. However, they also have 
vasodilatory or vasoconstrictive effects that vary depending on the substance and dose. In this study, we  histopathologically investigated the level of damage 
in end-organ tissues and the effect of fuziline on these organs in mice with cardiac injury induced by high doses of dobutamine.
Material and Methods: Thirty-two adult male Balb-c mice weighing approximately 18-20 g were included in the study. They were randomly divided into four 
groups (n=8): Group 1 (sham, n=8), Group 2 (dobutamine, n=8), Group 3 (dobutamine + fuziline, n=8) and Group 4 (fuziline, n=8). CK-MB as a biochemical 
parameter for damage assessment was analyzed in all groups. Histopathological examination was performed for the presence of necrosis, inflammation and 
edema in the tissues of the end-organs.
Results: CK-MB was found statistically significant between the groups (p<0.05). When the end-organ tissues of all groups were  histopathologically compared 
for the presence of necrosis, inflammation and edema, no significant difference was observed and no damage was detected.
Discussion: Dobutamine, which is frequently used as a positive inotropic agent in cardiovascular surgery, was observed not to cause any damage to the end-
organs. In addition, we believe that the absence of any tissue damage in  mice in the group given only fuziline demonstrates the safety of fuziline.
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Introduction
High blood pressure, high cholesterol and smoking play an 
important role in the formation of cardiovascular diseases 
(CVD). Despite this, the main factor is oxidative stress [1]. 
Oxidative stress results from the deterioration of the balance 
between oxidant-antioxidant in favor of oxidants. CVD, causes 
DNA damage, neuro-degenerative and the formation of 
disorders such as diabetes [2]. CVD includes peripheral artery 
disease, coronary heart disease, rheumatic heart disease, etc. 
[3]. The use of inotropes is recommended in cases of end-
organ dysfunction caused by hypoperfusion in patients with 
CVDs [4]. Dobutamine, preferred as a positive inotropic agent, 
activates α1 and β1 receptors to increase cardiac output and 
regulate mean arterial pressure [5]. However, care should be 
taken in dose adjustment.  Therefore, an overdose may cause 
the development of tachycardia [6]. Today, safer and more cost-
effective alternatives are being investigated in the treatment of 
CVDs. In this respect, medicinal plants are of great importance 
[7]. Among these medicinal plants, those with components such 
as flavonoids, carotenoids and polyphenols have been shown to 
inhibit CVD [8]. 
Flavonoids are beneficial compounds with cardiovascular, 
antioxidant, anti-inflammatory etc. activities [9]. Fuzi, contains 
compounds such as flavonoids and alkaloids in its chemical 
content [10]. Fuziline is one of the components of fuzi, and in 
terms of side effects, fuzi’s other components, mesaconite, 
aconite and hypaconite, have fewer side effects than 
diterpenoids. It is safer [11].
In our study, we aimed to investigate histopathologically the 
level of   end-organ damage   (lung, liver, kidney and spleen) 
tissues and the effect of fuziline on these organs in mice with 
cardiac injury induced by high dose of dobutamine.

Material and Methods
Ethical Approval
Our study was conducted with the scientific committee 
approval of Harran University Animal Experiments Local Ethics 
Committee, dated 10-03-2023, session numbered 2023/001, 
and with decision 01-09.
Creation of Animal Groups and Damage Model
For our study, 32 adult male mice of the balb-c genus weighing 
18-20 grams (gr) were included in the study. They were 
randomly (n=8) divided into four groups. In the cages created in 
such a way that the transparent feed-water attachments that 
can be seen inside can be reinforced, they were maintained in 
a dark environment with a relative humidity of 50%, where the 
temperature was 22 ±2 0 C, 12 hours of light and 12 hours 
of darkness.  Mice were fed under standard conditions. Group 
1 (Sham, n=8) was fed standard mouse  chow and mains 
water for 15 days. Group 2 (dobutamine, n=8) were injected 
mice intraperitoneally (IP) with 40 micrograms (μg)/mouse/
day of dobutamine for 15 days. Group 3 mice were injected 
with dobutamine + fuziline, n=8. For the first week mice were 
administered dobutamine 40 μg/mouse/day as IP. For the next 
week, in addition to dobutamine, 3 milligrams/kilogram (mg/
kg) of fuziline was administered  IP every day. Group 4 (fuziline, 
n=8) mice were injected with 3 mg/kg of fuziline  IP for 15 
days. One mouse from the fuziline group died on the eighth 

day. On the eighth day, all groups  underwent). After detecting 
damage in the dobutamine+fuziline group, fuziline injection 
was started. The total working time was 15 days. Feeding of 
31 mice was interrupted 8 hours before sacrifice. At the end of 
the experimental period (Day 16), all mice were sacrificed under 
deep anesthesia (Ketamine 90 mg/kg and xylazine 10 mg/kg-
IP). Blood samples and end organ tissues were collected.
Preparation of Dobutamine
Sigma brand dobutamine (250 mg) was used to induce cardiac 
injury. 1.6 ml dobutamine was completed to 100 ml with saline. 
Each mouse was injected with 0.1 ml of the IP route each day.
Preparation of Fuziline
Sigma brand fuziline was purchased from the distributor of 
Interlab company in Turkey.  Fuziline (0.96 mg/kg) was dissolved 
in 1.6 ml of dimethyl sulfoxide (DMSO). Each mouse was 
injected with 0.1 ml IP every day.
CK-MB (Creatine kinase myocardial band) study preparation
Blood collected from the mice hearts was transferred into 
biochemistry tubes with yellow caps.  Centrifugation was 
performed at 4000 rpm for 10 minutes. The resulting plasma 
was transferred to Eppendorf tubes and stored at -80 ° C until 
the working day. During the working day, the Ependorfs were 
thawed at room temperature. The CK-MB value was measured 
with the Atellica Siemens device and the Atellica Siemens® 
commercial kit.
Histopathological Examination of End-Organ Tissues
End-organ tissue samples from mice were detected by placing 
them in 10% formaldehyde. The appropriate samples were  
embedded in paraffin after four hours of tissue monitoring in 
a Leica Bond-Max Immunohistochemistry tissue tracker. Four 
micrometer (μm) thick sections were obtained from the end-
organs of each mouse and stained with hemotoxylin eosin (He) 
stain. Histopathological (Hex400) examination examined the 
presence of necrosis, inflammation and edema in end-organ 
tissues.
Statistical analysis
SPSS Windows version 24.0 package program was used for 
statistical analysis and p<0.05 was considered statistically 
significant. The suitability of the data for  a normal distribution 
was tested by the Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Comparisons between the groups were analyzed using ANOVA 
(one-way analysis of variance) test and Post-Hoc multiple 
comparisons (Bonferroni test) in the studied parameter. As 
descriptive statistics, mean±standard deviation was  used for 
numerical variables and numbers and  percentages were used   
for categorical variables.
Ethical Approval
Ethics Committee approval for the study was obtained.

Results
When CK-MB (ng/mL) levels were compared between groups, 
there was a significant correlation between Sham and 
Dobutamine (p=0.000), Dobutamine and Fuziline (p=0.000), 
Dobutamine+Fuziline and Dobutamine groups (p=0.04). It was 
found statistically significant (p<0.05) (Table 1). 
When all groups were compared histopathologically in terms 
of necrosis, inflammation and edema, no significant difference 
was observed. In the histopathological examination of end-
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organ tissues of dobutamine-injected and dobutamine+fuziline 
groups, regular alveoli (blue arrow)  and bronchial (green arrow) 
structures were observed in all lung tissues of both groups 
(Figures 1A and 1B).
Histopathological examination of the liver tissue showed 
regular structure in portal areas, hepatic veins and hepatocytes 
(Bile duct blue arrow and congestive vascular structure green 
arrow, Figures 1C and 1D).
When all the right and left kidney tissues were examined, a 
regular structure was observed in the glomerular structures, 
kidney tubules and pelvicalyceal system (glomerulus blue arrow 
and tubule green arrow, Figures 1E and 1F).
On the histopathological examination of the spleen tissue, 
regular red pulp (green arrow) and white pulp (blue arrow) 
structures were observed (Figures 1G and 1H).
In addition, as a result of the histopathological examination of 
end-organ tissues of the sham and fuziline groups no damage 
was found in the lung (Figures 2A and 2B), liver (Figures 2C and 
2D), kidney (Figures 2E and 2F) and spleen (Figures 2G and 2H). 
In the histopathological examination of the end-organ tissues 
of 31 mice belonging to four groups, no necrosis, inflammation 
and edema were detected in all tissues.

Discussion
Inotropes are agents that increase cardiac output in various 
ways. They show different activities depending on the 
substance and dose. In general, they have a positive effect on 
hemodynamics and regulation of symptoms. Therefore, their 
use in patients with acute and advanced heart failure (HF) is 
critical. Despite these positive effects, they can also lead to 
increased mortality due to side effects and misuse. Dobutamine 
is preferred as a positive inotropic agent to eliminate blockages, 
despite the possibility of reducing survival in patients with HF 
[12]. When using high doses [10 μg/kg/minute (min)], it shows 
inotropic and chronotropic activity;  at low doses (5μg/kg/min), it 
causes mild vasodilator and inotropic function that contributes 

Table 1. Statistical Analysis of CK-MB in Groups.

Bonferroni

(I) GROUPS (J) GROUPS Mean Difference (I-J) Std. Error Sig.
99,2% Confidence Interval

Lower Bound Upper Bound

Sham

Dobutamine -,29000* 0,05341 0 -0,4804 -0,0996

Dobutamine+Fuziline -0,08625 0,05341 0,705 -0,2766 0,1041

Fuziline 0,00875 0,05341 1 -0,1816 0,1991

Dobutamine

Sham ,29000* 0,05341 0 0,0996 0,4804

Dobutamine+Fuziline ,20375* 0,05341 0,004 0,0134 0,3941

Fuziline ,29875* 0,05341 0 0,1084 0,4891

Dobutamine+Fuziline

Sham 0,08625 0,05341 0,705 -0,1041 0,2766

Dobutamine -,20375* 0,05341 0,004 -0,3941 -0,0134

Fuziline 0,095 0,05341 0,517 -0,0954 0,2854

Fuziline

Sham -0,00875 0,05341 1 -0,1991 0,1816

Dobutamine -,29875* 0,05341 0 -0,4891 -0,1084

Dobutamine + Fuziline -0,095 0,05341 0,517 -0,2854 0,0954

Tested using ANOVA (one-way analysis of variance) and Post Hoc multiple comparisons (Bonferroni test), *p < 0.05 is significant. Sham (n=8), Dobutamine (n=8), Dobutamine+Fuziline (n=8), 
Fuziline (n=7).

Figure 2. A, Sham group lung alveoli. B, Fuziline group lung 
alveoli. C, Sham group liver tissue. D, Fuziline group liver tissue. 
E, Sham group kidney tissue section. F, Fuziline group kidney 
tissue. G, Sham group spleen tissue. H, Fuziline group spleen 
tissue (HEX400).

Figure 1. A, Dobutamine group lung alveoli. B, 
Dobutamine+fuziline group lung alveoli. C, Dobutamine group 
liver tissue. D, Dobutamine+fuziline group liver tissue. E, 
Dobutamine group kidney tissue section. F, Dobutamine+fuziline 
group kidney tissue. G, Dobutamine group spleen tissue. H, 
Dobutamine+fuziline group spleen tissue (HEX400).
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to the development of hypotension [13]. Tang et al. examined 
the effect of long-term use of dobutamine (10.0 μg/kg) on 
septic myocardial dysfunction and injury by performing cecal 
ligation and puncture in rats. While the probability of survival 
in rats with dobutamine is positively affected, no effect was 
observed on maintaining low levels of myocardial dysfunction 
and myocardial injury after sepsis [14]. In a study of female rats, 
dobutamine was administered to female rats at doses of 5, 10, 
and 20 ug/min/kg at weeks 1 and 6 before and after spinal 
cord injuries above T6. As a result of the study, an increase in 
heart rate, ejection fraction and cardiac output was observed 
with dobutamine infusion before spinal cord injuries above 
T6, while a decrease in end-diastolic volume was observed. 
Spinal cord injuries above T6 were followed by dobutamine 
supplementation at 6 weeks, which led to an increase in heart 
rate, ejection fraction and cardiac output, as well as an increase 
in pulse volume [15]. In their study of rats with and without 
spinal cord injury, Fernandes and colleagues administered 
dobutamine at different doses such as 20, 50 and 100 μg/kg. 
Rats with spinal cord injury had reduced their struggle with 
cardiac stress and increased the incidence of arrhythmias with 
increasing doses of dobutamine [16]. In the study on female 
pigs, 1, 3, 10 and 30 μg/kg/min were given as continuous 
infusions without dobutamine loading dose. Dobutamine was 
announced to increase right ventricular pressure and function, 
but at the expense of increased mechanical work at the highest 
doses, exhibiting an unfavorable hemodynamic profile [17]. In 
their study, Mert et al. administered dobutamine at doses of 5, 
10, and 15 μg/kg/min in a total of 73 patients with HF. It has 
been observed that ventricular arrhythmias are triggered in this 
way. Even, 4 patients were excluded from the study because 
they could not handle high doses of dobutamine administration 
[18]. In our previous study with dobutamine, mice were given 
a dobutamine dose of 40 μg/mouse/day for fifteen days. This 
dose appeared to cause cardiac damage [19].
According to the data of studies conducted in recent years, it 
has been revealed that the use of phytochemicals is the right 
approach to prevent CVD [20]. Fuzi, thanks to compounds such 
as flavonoids and alkaloids in its chemical content [10] , stands 
out with its protective feature against CVD by showing anti-
oxidative [21] and anti-inflammatory [22] activities.
The derivation of Fuzi [21] and the polysaccharides obtained 
from the purified part FZPS-1 exhibit antioxidant effects by the 
elimination of superoxide radical, hydroxyl radical and nitrite 
from the environment [22]. Fuziline and some other diterpenoids 
were used in the study on mice for the treatment of CVD. Zhao 
et al.’s investigations involving fuziline, mesaconite, neolin, and 
hypoconite have proven that these diterpenoids exert significant 
analgesic effects. In terms of harmful effects, fuziline has been 
observed to have fewer side effects than other diterpenoids. 
In addition, the maximum dose of fuziline administration was 
stated as 1 g/kg [11]. In the study investigating the protective 
efficacy and mechanisms of fuziline on in vitro and in vivo 
myocardial injury, the protection of fuziline against myocardial 
injury has been clearly demonstrated and it has been suggested 
that it can be used as a therapeutic agent [23].
Limitation
According to our literature review, the lack of studies examining 

the effect of dobutamine on end organs in terms of dose and 
duration is our limitation.
Conclusion
According to our literature review, the effect of dobutamine 
on end organs has not been investigated histopathologically. 
In our study, CK-MB level was examined as a result of high 
dose injection of dobutamine, which is frequently used as a 
positive inotropic agent in cardiovascular surgery, and it was 
determined that cardiac damage occurred in dobutamine and 
dobutamine+fuziline groups. However, when the last organ 
tissues were examined histopathologically, no damage was 
detected. In addition, we believe that the absence of any 
tissue damage in the mice in the group given only fuziline 
demonstrates the safety of fuziline.
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